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Introduction
The majority of patients with head and neck carcinoma (hnC) have a locally advanced stage at diagnosis, and multimodality treatment is recommended for these patients, i.e., radiotherapy in combination with surgery, chemotherapy and/or biological therapy. Despite radical treatment, the incidence of recurrence may be as high as 30-50% in patients treated with curative intent 1 2 . The main treatment for recurrent disease is salvage surgery and re-irradiation [3] [4] [5] . in most cases, surgery is not feasible due to the high risk of complications and morbidity, and only 20% of patients are suitable for surgical salvage 6 7 . The possibilities for re-irradiation with an external beam are limited by normal tissue complications. Brachytherapy can be used as an alternative treatment method for these patients. however, most reports present results using low dose-rate brachytherapy (lDr-BrT) [8] [9] [10] [11] . During high-dose-rate brachytherapy (hDr-BrT), high doses of radiation can be delivered to the tumour volume directly, and rapid dose fall-off above planning treatment volume (PTV) allows for sparing of normal tissue. in most studies, the fraction doses of 3-4 gy twice daily were used at a total dose of 18-48 gy for treatment of patients with recurrent head and neck cancer 4 12-14 . To reduce late severe toxicity, we used a smaller fractionation, namely 2.5 gy twice per day for a total dose of 30 gy. The aim of this study was to evaluate the results of hypofractionated accelerated CT-guided interstitial hDr-BrT using 2.5 gy per fraction.
Materials and methods

Patients
Thirty patients were treated with hypofractionated interstitial hDr-BrT for locoregional relapse of head and neck carcinoma between December 2008 and march 2010. The study population included 21 males and 9 females with a mean age of 59 years (range, 41-79 years). Squamous cell carcinoma was confirmed in all patients. All patients had previous external beam radiotherapy (eBrT) or chemoradiation of the head and neck (median dose 66 gy; range, 50-72 gy). Twenty (70%) patients had undergone surgery as initial treatment, and 11 (37%) had surgery with neck dissection. For 9 (30%) patients, chemoradiation was performed in conjunction with cisplatin (100 mg/m 2 , days 1, 22 and 43 of radiation therapy). Patient characteristics are shown in Table i . The median time from the end of primary treatment to recurrence was 12 months (range, 3-19 months). Before reirradiation, all patients were evaluated for eligibility and the following selection criteria was applied: 1) histologic evidence of disease relapse; 2) Karnofsky performance score (KPS) ≥ 80; 3) no bony invasion by the tumour; 4) no evidence of distant metastases. Thirteen (43%) patients 
Brachytherapy
Surgical resection was performed for 13 of these patients. The area at risk was identified by a surgeon and radiation oncologist. A straight stainless-steel needle was introduced through the skin 10 mm away from the margin of intended target. The needle traversed the operative bed and then exited the skin on the opposite side of the operative bed. A plastic catheter was threaded through the needle and then the needle was removed, leaving the catheter in place. The number of catheters varied according to the dimension of the target. The plastic catheters were placed in the operative bed as near parallel as possible at 10 to 15 mm intervals with a security margin of 10 mm in all directions about the target. The catheters were held to the underlying musculature with absorbable sutures and attached at the skin exit points with plastic buttons and silk sutures. This implantation technique was used for the recurrence of the neck, nasal cavity/ sinus and parotid bed. For local relapse of the oral cavity and oropharynx loop, the implant technique was performed. During this procedure, steel needles were inserted on both side of the mandible through the neck in the region of the tumour volume. The plastic catheter was threaded through both intraoral ends of the needles. The steel needles were then removed leaving the catheter in place, which was fixed with plastic buttons. Spacing for these implants was between loops of 10 and 15 mm. The catheters were implanted as parallel as possible in order to encompass the tumour volume. After the implant procedure, all patients underwent a computed tomography (CT) scan with a slice thickness of 2.5 mm for three dimensional (3D) treatment planning. intravenous contrast was used when necessary to visualize the carotid vessels. The CT study was transferred to the oncentra (nucletron, The netherlands) planning system, and PTV and organs at risk (oAr) (mandible, spinal cord, carotid vessel and larynx) were contoured and catheters were reconstructed. The treatment planning process followed the general rules of the Paris system, with manual optimization for each of the CT slices (Fig. 1) . Dose homogeneity within PTV and dose to oArs were documented using dose-volume histogram (DVh). Prescribed and reported doses were specified by D 90 as determined by DVh. Dose heterogeneity was specified by V 100 (the percentage of implant volume receiving 100% of the prescribed dose), V 150 (the percentage of implant volume receiving 150% of the prescribed dose), V 200 (the percentage of implant volume receiving 200% of the prescribed dose) 15 . in our series, the mean values were: D 90 = 2.25 gy (range, 1.9-2.5 gy), equivalent to 90.2% of the reference dose of 2.5 gy; V 100 = 69.53% (range, 42-95%); V 150 = 25.17% (range, 14-44%); V 200 = 13.32% (range, 9-28%). The mean values of homogeneity index (hi) and Dose non-uniformity ratio (Dnr) were estimated to be 0.66 (range, 0.59-0.7) and 0.35 (range, 0.28-0.37) respectively. All patients were treated with a nucletron micro-Selectron hDr machine (nucletron, The netherlands) and received two daily fractions of 2.5 gy for a total dose of 30 gy with an interfraction interval of 6 hours.
Statistical analysis
Statistical analysis was performed using SPSS 17.0 (Statistical Package for Social Sciences 17.0 for windows) statistical software. Survival results were calculated using the Kaplan-meier method and log-rank test. The time origin was the date of the first hDr-Br procedure. The endpoint of overall survival (oS) was death from any cause. The endpoint of disease-free survival (DFS) was any type of recurrence (e.g. failure at the primary site or regional lymph nodes, distant metastasis). The endpoint of interest from local control (lC) was defined as tumour regrowth in the treated area with brachytherapy or in an adjacent region (e.g. failure at the primary site or regional lymph nodes). Toxicities were documented according to the radiation Therapy oncology group (rTog) morbidity scoring criteria 16 . Toxicities from the date of the first brachytherapy implant to 90 days after the completion of the treatment were defined as acute. Toxicities were defined as late if they occurred more than 90 days after the last hDr-BrT fraction.
Follow-up overall follow-up ranged from 20 to 32 months (median 28 months) for survivors and 4-22 months (median 9 months) for fatalities. 19 patients reached the one-year follow up. 14 patients reached the two-year follow-up, and these patients were alive at the time of reporting in August 2011. 
Results
Local control
After a median follow-up of 16 months (range, 4-32 months), 14 (47%) patients had progression of neck disease. of those, 4 patients had disease progression in the reirradiated area, 8 patients had progression outside the implanted volume and 2 patients had distant metastases (one with pulmonary and another with cerebral metastases). The lC and DFS rates for the entire group at 1 year and 2 years were 73% and 67%, 60% and 53%, respectively. The patients treated with surgical resection and hDr-BrT showed improvement in 2-year lC compared to those treated with hDr-BrT only (77% vs. 47%, p = 0.013).
Overall survival
The oS rate for the entire group was 63% at one year, and 47% at two years. The group treated with surgical resection and hDr-BrT had improved better two year oS compared with those treated with hDr-BrT alone (62% vs. 35%, p = 0.035) (Fig. 2) .
Prognostic factors
Pre-treatment implant volume range was 8-107 cm 3 with a median value of 36 cm 3 . using this value, median overall survival for volumes ≤ 36 cm 3 was 22 months vs. 9.2 months for tumours > 36 cm 3 (p = 0.038), but there was no statistically significant correlation between pre-treatment volume and lC. moreover, there was no statistically significant correlation between oS and the primary tumour site, primary T-stage or n-stage. This study failed to show a statistically significant correlation between lC and primary tumour site, primary T-stage or n-stage.
Toxicity
As expected, most patients developed mild-to-moderate acute mucositis and skin reactions. no carotid blowouts or massive haemorrhage during treatment or thereafter were seen. Two patients (7%) developed rTog grade ii acute toxicity and two (7%) grade ii late toxicity (Table iii) . one of 30 patients (3%) developed rTog grade iii acute toxicity. This patient had delayed wound healing at the site of the steel needle insertion. A grade iV late complication was observed in one patient (3%). The patient with osteoradionecrosis of the mandible was treated with eBrT (total dose was 60 gy) 10.6 months after brachytherapy was performed. The osteoradionecrosis developed over 3.5 months after the last fraction of brachytherapy and was treated by surgery. revising the treatment plan, it was observed that one of five brachytherapy catheters was located near the mandible (< 5 mm), and the 110% isodose encompassed 5.7% volume of mandible (total volume 34.56 cm 3 ). we believe that this complication was due to brachytherapy, since before brachytherapy, a CT scan showed no lesion of the mandible. There was no grade V (fatal) toxicity.
Discussion
The standard treatment for recurrent head and neck tumours is salvage surgery, but in clinical practice there are some limitations. if recurrent tumours involve deep structures such as the scull base, nasopharynx, eustachian tube, mediastinal structures, prevertebral fascia or cervical vertebrae, then complete resection is precluded. The other restrictions to radical salvage surgery are suspected invasion of the carotid artery or the upper oesophagus. Patients who undergo an organ-sparing approach for treatment of locally advanced hypopharyngeal cancer cannot rely on a second chance with surgery for salvage should disease recur 17 18 . in the case of inoperable disease, chemotherapy can be offered with relatively low response rates of 50% to 60% and with a median survival of 5 to 6 months 19 20 . re-irradiation with external beam therapy may be effective, but is limited by normal tissue complications caused by cumulative radiation doses. in the rTog 96-10 trial, patients were treated with eBrT and concurrent chemotherapy (5-fluoruracil and hydroxyurea). The oS at one and two years was 41.7% and 16.2%, respectively, with 7% grade V toxicity and 23% grade iV acute toxicity. The late severe toxicity rate was not reported 21 . in the rTog 96-11 phase ii trial of hyperfractionated eBrT with cisplatin and paxlitaxel, the oS at one and two years were 50.2% and 25.9%, respectively. The incidence of grade V toxicity was 8% and 15%, respectively. grade iV acute toxicity was reported. The incidence of osteonecrosis was 5% 22 . using eBrT for re-irradiation, grade V toxicity was observed in both trials with a high grade iV toxicity rate. using intensity-modulated radiotherapy (imrT) for re-irradiation of recurrent head and neck disease, it is possible to reduce the toxicity of treatment. Some authors have reported oS at two years ranging from 35 to 58% and lC from 64 to 65%, with a toxicity rate of 13- 
20%
23 24 . Similar results were reported using fractionated stereotactic radiotherapy, and the oS at two years ranged from 30% to 30.9% and lC from 41% to 52%, respectively, while the late severe toxicity rate ranged from 8.6% to 11% 25 26 . recurrent head and neck cancer is more radioresistant compared to primary non-irradiated cancer. Therefore, a sufficient dose of irradiation must be delivered for the treatment of a recurrent tumour. Brachytherapy allows for delivery of a sufficient dose of radiation directly to the tumour while sparing the surrounding tissues. most authors report on the use of lDr-BrT, and there is only minimal data on the use of hDr-BrT for treatment of previously-irradiated head and neck cancers. Treatment results of lDr and hDr-BrT are summarized in Table iV . Table III . Toxicity.
Acute toxicities n
Grade II
Moderate fibrosis 2
Grade III
Delayed wound healing 1
Late toxicities n
Grade II Dysphagia 1
Persistent hoarseness 1
Grade IV Osteonecrosis 1 Table IV . Published data on LDR and HDR-brachytherapy for recurrent cancer of the head and neck. The oS, lC and toxicity rates in our study are similar to lDr-BrT studies. A review of the literature with lDrBrT suggests a two-year lC of 31-69% and oS of 13-57% in recurrent head and neck cancer 8 9 27-29 . in our study, oS at two years was 47% and lC was 67%. The severe complication rates in studies employing lDr-techniques ranged from 23% to 36%, including 7% grade V toxicity. in the present study, the late toxicity rate was lower compared with published lDr studies: grade iii/iV toxicity was 3% and grade V toxicity was not observed. The advantages of the hDr technique compared with lDr include better dose distribution homogeneity within the target volume, radiation safety and patient comfort. only a few retrospective studies have been published regarding the reirradiation of recurrent head and neck cancer using hDr brachytherapy 4 12-14 . hepel et al. reported preliminary results in 30 patients with recurrent head and neck carcinoma. Patients were treated in twice daily fractions to a mean dose of 34 gy (range, 18-48 gy), with a dose per fraction of 3-4 gy. Their study showed that oS at one and two years were 56 and 37%, respectively, with a lC of 54 and 45%, respectively 4 . Tselis et al. the hDr brachytherapy delivered a median salvage dose of 30.0 gy (range, 12.0-36.0 gy) in twice-daily fractions of 2.0-5.0 gy for the majority of patients. The overall and disease-free survival rates at one, two and three years were 42%, 19% and 6%, and 42%, 37% and 19%, respectively 13 . Kolotas et al. reported on accelerated hyperfractionated interstitial hDr brachytherapy (2 x 3.0 gy/day) delivered 30 gy in 37 of 49 (75%) and 36 gy in 24 of 49 implants (25%). After 19 months of follow-up, the local control rate was 69%. The overall survival rate was 52% at 1 year, 31% at 2 years and 6% at 3 years 14 . narayama et al. treated 30 patients: 18 patients were operated following hDr-BrT using 3.4 gy bid fractionation for a total dose of 34 gy, nine patients were treated by hDr-BrT alone at 40 gy (4 gy bid) and for three patients eBrT (40-50 gy) was combined with hDr-BrT (20 gy, 4 gy bid). The 2-year oS and lC for the entire group were 63% and 71%, respectively (12) . in all of hDr BrT studies, the majority of patients were treated with daily fractions of 3 gy for a total dose of 30 gy or 4 gy for a total dose of 40 gy. To compare the results of different treatment schemes, we calculated the eQD2 (equivalent dose in 2 gy fraction). For early effects, the α/β ratio was 10, and for late effects was 3 30 . when calculating the eQD2 (α/β = 10) of the hDr doses applied to these cases, the doses were 32.5 gy or 46.7 gy, respectively. in our study, the eQD2 (α/β = 10) was 31.3 gy, and overall survival, disease-free survival and local control results were similar to other studies, despite the fact that eQD2 (α/β = 10) was lower. Similar to other authors 13 14 , we found that there was a statistically significant correlation between pre-treatment volume and oS. Tselis et al. study showed that oS for lesions < 65 cm 3 was 13 months, and for lesions ≥ 65 cm 3 was 6 months (p = 0.0001) (13). Kolotas et al. showed that median oS for lesions < 57 cm 3 was 19 months, and for lesions ≥ 57 cm 3 was 7 months (p = 0.002) 14 . in present study, median oS for volumes ≤ 36 cm 3 was 22 months, while it was 9.2 months for those > 36 cm 3 (p = 0.038). As in our study, neither of the above studies reported a statistically significant correlation between pre-treatment tumour volume and achieved lC rate. in all these studies, due to the small number of cases, heterogeneity of tumours and treatment methods, we did not observe a statistically significant correlation between oS and primary tumour site, primary T-stage and n-stage. The results of our study show that patients treated with surgical resection and hDr-BrT had significant benefit considering two year oS (62% vs. 35%, p = 0.035) and lC (77% vs. 47%, p = 0.013) compared to patients treated with hDr-BrT only. The positive impact of surgical resection of a recurrent tumour to lC was noted by narayama et al. (88% vs. 40%, p = 0.05), although it had had no impact on oS (70% and 43%, p = 0.66) 12 . in the other two studies (Schiefke et al., 2008 and Pellizzon et al., 2006) , it was concluded that a combination of surgical resection and hDr-BrT improved the lC 18 31 . The grade iii-iV toxicity rate after hDr brachytherapy was 4-16% 4 12-14 . The eQD2 (α/β = 3) in hDr brachytherapy studies ranged from 36-56 gy. To reduce the toxicity in our study, we used smaller doses per fraction, and the eQD2 (α/β = 3) was 33 gy. The lower eQD 2 might contribute to the lower late high grade toxicity compared with other studies. This study showed a relatively low grade iii-iV toxicity rate (3%) and an absence of grade V toxicity. in conclusion, our results suggest that interstitial hDr brachytherapy regimen using 2.5 gy twice daily fractions to a total dose of 30 gy can be offered as a treatment option for patients with recurrent previously-irradiated head and neck cancer. A combination of surgery and hDr-BrT has a positive effect on survival and local control. we recommend this approach for the management of patients with resectable recurrent head and neck cancer.
